
UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP022458
TITLE: Optimization of Multistage Collectors Using the MICHELLE Code
Within the Analyst Modeling Framework

DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: 2006 IEEE International Vacuum Electronics Conference held
jointly with 2006 IEEE International Vacuum Electron Sources Held in
Monterey, California on April 25-27, 2006

To order the complete compilation report, use: ADA453924

The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

[he context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP022420 thru ADP022696

UNCLASSIFIED



Optimization of Multistage Collectors Using the MICHELLE Code Within the
Analyst Modeling Framework*
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and L. Chernyakova Scientific Applications International Corp. Naval Research Laboratory

Simulation Tech. & Applied Research, Inc. 20 Burlington Mall Rd., Ste. 130 4555 Overlook Ave. SW
11520 N. Port Washington Rd., Ste 201 Burlington, MA 01803 Washington, DC 20375
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Abstract: Using the MICHELLE Gun and Collector code automatically constructing the 3D geometry based on the
linked to the Analyst finite-element modeling package, we parameter list passed in by Mathematica, meshing the
have investigated the use of direct-search and statistical model, running MICHELLE, and extracting the relevant
optimization strategies in the design of depressed result quantities it then returns to Mathematica.
collectors. Results of our work on an idealized device show
that substantial improvements in efficiency can be realized Resultsusing these methods. We applied the optimization system to an idealized

collector geometry shown in Fig. 2, using a specified spent-
Keywords: optimization; depressed collectors; finite- beam and magnetic field. Although the total efficiency that
element modeling, was achieved is not exceptional due to the exclusion of

Introduction some design parameters, e.g., externally applied magnetic
field variation, we found that it is possible to realizeDepressed collectors used in modern microwave tubes are substantial improvements in collector efficiency as

geometrically complex components that have a substantial compared to un-optimized initial designs using both

impact on the operating characteristics of the device. compared and diferential esigns ngl both

Collectors are notoriously difficult to design, particularly Nelder-Mead and differential evolution. Nelder-Mead

for high-efficiency tubes, as there are often dozens of generally requires somewhat fewer analyses than
parametersthatnmystubes cosithered, ietncludozeng pe differential evolution to converge (Table 1 shows resultsparameters that must be considered, including plate for Nelder-Mead). The tendency of this approach to

voltages, plate position and shape, and external field
converge to local instead of global minima suggests thatprofiles. Of particular interest for high-efficiency statistical methods like differential evolution are useful

collectors is maximizing energy recovery while minimizing even if their overall computational efficiency is lower.

the deleterious effects of secondaries.

We will present details of our work on the idealizedThe recent development of the MICHELLE code[l] has, collector geometry discussed above, including results using
for the first time, enabled the accurate modeling of

depressed collectors in three-dimensions. Using the our native implementations of both the MDS anddeprsse colectrs n tree-imesios. Uingthe differential evolution that eliminate the need for
MICHELLE code hosted within the Analyst[2] finite Mathematial

element package, we have recently begun investigating the

use of modem optimization algorithms in the design of References
multi-stage depressed collectors. 1. John Petillo, et al., "The MICHELLE Three-

Approach Dimensional Electron and Collector Modeling Tool:

The primary method we have studied so far is the Nelder- Theory and Design", IEEE Trans. Plasma Sci., vol. 30,

Mead[3] direct search approach (a more robust realization no. 3, June 2002, pp. 1238-1264.

of this method is the multi-directional search[4] (MDS) 2. Analyst is a commercial finite-element
method), and the differential evolution technique[5]. In the electromagnetic analysis and design package.
Nelder-Mead/MDS methods a non-degenerate simplex of 3. Nelder, J. A. and Mead, R. "A simplex method for
dimension n+l is updated (for an n-dimensional parameter function minimization." Comput. J. 7, 308-313, 1965.
vector) at each step by testing new points along lines that 4. V. Torczon, Multi-Directional Search: A Direct
are defined by the simplex edges. The volume enclosed by Search Algorithm for Parallel Machines, Ph. D. thesis,
the simplex reduces until it encloses an extremum of the Rice University, Houston, TX, May, 1989.
objective function. 5. R. Stom and K. Price, "Differential evolution - a

In our present setup the actual execution of a particular simple and efficient heuristic for global optimization
algorithm is controlled by the Mathematica[6] symbolic over continuous spaces," J. Global Optim., 11, 1997,
manipulation program, which is linked to Analyst so that it pp. 341-359.
can request analyses as necessary during the optimization 6. See www.wolfram.com for more details.
(see Fig. 1). Analyst performs the required analyses by * Work supported by ONR SBIR program.
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Figure 1. When a new analysis is requested by Mathematica, Analyst uses its embedded CAD and meshing
servers to create geometry and generate the finite element mesh. The MICHELLE server is used to generate solver

input files, run MICHELLE, and process the output files.
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Figure 2. Idealized collector model. Parameters that were available for optimization included the plate voltages (V1-
V5), the plate apertures (A1-A4), and the plate axial positions (Z1-Z5).

Step Initial Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 All
Efficiency 68.00% 74.60% 75.60% 77.80% 79.48% 80.13% 82.16%

V1 -2327 -2508 -2508 -2508 -2508 -2508 -2492
V2 -3421 -3421 -3387 -3387 -3387 -3387 -3385
V3 -3987 -3987 -3987 -4377 -4377 -4377 -4385
V4 -4998 -4998 -4998 -4998 -5494 -5494 -5430
V5 -5750 -5750 -5750 -5750 -5750 -5594 -5646
ZI 0.1715 0.1544 0.1544 0.1544 0.1544 0.1544 0.1710
Z2 0.7339 0.7339 0.7173 0.7173 0.7173 0.7173 0.6938
Z3 1.0176 1.0176 1.0176 1.0902 1.0902 1.0902 1.0202
Z4 1.3244 1.3244 1.3244 1.3244 1.3773 1.3773 1.3550
Z5 2.2756 2.2756 2.2756 2.2756 2.2756 2.2323 2.3904
Al 0.0352 0.0491 0.0491 0.0491 0.0491 0.0491 0.0498
A2 0.1078 0.1078 0.1153 0.1153 0.1153 0.1153 0.1055
A3 0.1460 0.1460 0.1460 0.1470 0.1470 0.1470 0.1358
A4 0.1812 0.1812 0.1812 0.1812 0.1655 0.1655 0.1641

#of runs 57 46 39 36 39 261

Table 1. Parameter values and efficiencies for optimization of the collector geometry shown in Fig. 2 using the
Nelder-Mead algorithm. The initial parameter values and corresponding efficiency are shown in column 2. The

columns headed by "Stage n" show the results of the staged optimization where each stage was separately
optimized. The final column shows the result when all parameters are used at once in a single optimization.
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